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I. Timber Stand Location 
Stand 805-3-47 is located on the Tally Lake Ranger District, Flathead 
National Forest, and consists of 14 forested acres within the Miller 
Creek drainage in the western 1/2 of Section 20, T32N, R2^W, M.P.M., 
Flathead County, Montana (See Appendix A). 
Access to the stand is provided by Forest Road No. 2877 which is located 
off Forest Road No. 60 from the Good Creek Road (County Road) and State 
Highway 93. northwest of Whitefish, Montana. Road No. 2877 is open year 
round although it is generally inaccessible in the winter time unless 
plowing is being done for winter logging in the area. 
Stand 805-3-47 is approximately 9 miles from American Timber Company's 
mill in Olney, Montana. Other local mills are located in Columbia Falls 
and Kalispell, Montana, which are 36 to 39 miles from the subject 
stand. The nearest pulp mill is in Missoula, Montana, approximately 160 
miles away. 
Initially, the stand was delineated based on past management practices 
and as part of the experimental design for the Miller Creek cooperative 
prescribed burning study (Beaufait, et al, 1977)-
Stand 805-3-47 is bordered to the north by stand 805-3-^1. to the south 
by stand 805-3-^0, and to the east by stand 805-3-60. These stands were 
harvested around 1962, or 5 years earlier than the subject stand. They 
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are similar in species composition, i.e., they have the general 
appearance of being predominantly larch, as the subject stand. Density 
varies, with stands 805-3-^0 and 805-3-^1 being more dense than the 
subject stand and 805~3~60 appearing understocked, with some openings. 
To the west is stand 805-3~102, a mature stand approximately 110 years 
old. It is primarily composed of Douglas-fir, subalpine fir, spruce, 
and western larch, with Douglas-fir having the most basal area in the 
stand and western larch the least. Keith Mountain is located to the 
north. Adams Mountain, an important security area for elk, is located 
to the south. 
The subject stand, 805-3-^7. along with 805-3-^0 and 805_3~4l and two 
other stands further to the east, form an opening of about 68 acres. 
Most of this area would now be considered hiding cover for big game, but 
not thermal cover. The stand to the west, 805-3-102, which is 33 acres, 
is considered adequate thermal and hiding cover but not representative 
of an old growth stand. 
II. Land Management Objectives 
In addition to the major laws regulating Forest activities, more site 
specific management of this stand is found in the Flathead National 
Forest Management Plan (USDA Forest Service, 1985a). Stand 805_3~0^7 is 
in the Olney-Martin Creek Geographic Unit of the plan. The management 
emphasis for this stand is Management Area 15. In Management Area 15, 
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cost efficient timber production is emphasized while protecting the 
productive capacity of the land and timber resource. Other resources 
will be managed in a manner consistent with timber management goals. 
Management objectives and standards for Management Area 15 which relate 
to this stand include: 
1) Permit vegetation management practices which: 
a) maintain or create diverse patterns of vegetation, using 
primarily even-aged silvicultural systems. 
b) are not chosen primarily because they will give the 
greatest dollar return or the greatest output of timber, 
although these factors shall be considered. 
c) are made in such a way that the technology and knowledge 
exist to adequately restock the lands within 5 years after 
final harvest. 
d) are chosen after considering potential effects on 
residual trees and adjacent stands. 
e) are practical in terms of transportation and harvest 
requirements and total costs of preparation, logging, and 
administration. 
2) Prohibit logging in areas sensitive to soil compaction or 
erosion without special considerations and mitigating measures. 
3) Maintain long-term water quality to meet or exceed State Water 
Quality Standards. 
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4) Meet a visual quality objective of modification. 
5) Give summer elk habitat appropriate protection and manage it 
"... so that slash will be reduced to levels that do not impede elk 
movement..., and to provide security areas." These objectives are 
discussed more specifically on page 28. 
6) Consider integrated pest management strategies in project 
analysis and design. Emphasize treatments that reduce losses due 
to insects and/or disease in project silvicultural prescriptions. 
III. The Physical Site 
A. Climate 
The climate of this area is primarily affected by maritime polar air 
masses originating in the Pacific Ocean. As a result, the local climate 
is characterized by prevailing westerly winds, moist winter air masses, 
and drier summers punctuated by orographic precipitation (Trewartha and 
Horn, 1968). 
The mean annual precipitation for stand 805_3"047 is 30 inches (See 
Appendix B). About 50% of this precipitation falls as snow. The summer 
months receive less precipitation than the winter months. Strong winds 
may occur in the winter. They are associated with storm fronts. 
4 
B. Physiography 
The stand's slope averages 30 percent, with inclusions of areas of 18 
percent. The aspect is generally northeast and the mean elevation is 
about 4700 feet, with a range of 4600 to 4760 feet. 
C. Geology and Soils 
The subject stand is located in the Salish Mountains which were formed 
by block faulting and folding of Precambrian rocks during the mountain 
forming era that occurred about 70 million years ago. Continental 
glaciation of the Pleistocene Epoch of the Quaternary Period was the 
primary shaper of these mountains, which began about a million years ago 
and ended 10,000 years ago. These mountains are characterized by 
rounded mountain tops and wide valleys. Due to the relatively low 
elevation of these mountains, the ice that flowed over this area acted 
like a continental glacier leaving very little evidence of alpine 
glaciation, such as cirques and steep headwalls. Consequently most of 
the area has a rolling appearance from a distance, with most slopes less 
than 40 percent. The continental glaciers left large amounts of glacial 
till. The till is underlain by a rock layer known as the Empire 
Formation which was formed by sediments metamorphosed into calcareous 
argillite. 
Soil formation originated in the glacial till until approximately 6800 
years ago when northwest Montana was inundated with ash from Mount 
Mazama (Crater Lake, Oregon). The soil within this stand is delineated 
as landtype 26C-8 (Martinson and Basko, 1983) and classified Andeptic 
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Cryoboralf, loamy skeletal soil, mixed. These soils are formed in 
volcanic ash influenced loess which overlay slightly acid or neutral 
very gravelly loam glacial till. A very thin duff layer is present (less 
than a half inch) which has developed in the last 15 years from 
coniferous and shrub leaf decomposition. Below this is a 7 to 11 inch 
silt loam layer which was formed in the volcanic ash. This layer is 
most critical to site productivity because the ash has a high 
infiltration rate, water holding, and cation exchange capacity. It is 
the area where most plant roots are found, is highly susceptible to 
compaction for most of the year, and is moderately erodible if exposed 
to rainfall. Some mixing has occurred with the subsurface layer of 
very gravelly silt loam due to logging activities which occurred in 
1967. particularly the skidding of logs. The subsoil is a very gravelly 
clay loam, which also contributes to the water holding and cation 
exchange capacity. The glacial till, which is estimated to be 10 to 25 
feet thick (Appendix C), is slightly acid to neutral due to the 
influence of the parent rock, Precambrian calcareous argillite. 
Soils on landtype 26C-8 with an ABLA/CLUN-CLUN habitat type will 
generally be dry enough for disperse skidding for approximately 30 days 
each year. Designated skid trails and winter logging are alternative 
methods to minimize soil compaction. Broadcast burning, chain 
scarification, or dozer piling are possible slash disposal methods. To 
minimize loss of soil productivity, chain scarification and dozer piling 
should be done only when the unit is sufficiently dry. At least 10 to 
15 tons per acre of various sized materials should be maintained on the 
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site to enhance the long term productivity of the site through moisture 
retention, ectomycorrhizal activity, nitrogen fixation, and erosion 
prevention (Harvey, 1986). 
D. Slope Hydrology 
Based on the input by the Forest Hydrologist (Appendix B), water 
movement is controlled by localized soil and slope conditions. 
Subsurface movement occurs throughout the stand, with a northeast flow 
towards an unnamed intermittent tributary of Miller Creek located about 
2 chains outside the stand. Water infiltration could be affected by 
soil compaction where, if serious enough, surface puddling and runoff 
could occur. 
E. Habitat Type 
Forest habitat types of Montana (Pfister, et al, 1977) were used to 
classify the stand. The primary habitat type for the stand was 
ABLA/CLUN-CLUN with some inclusions of ABLA/CLUN-MEFE. Although this 
stand is only 19 years old, the species composition, distribution, and 
numbers are roughly in the same proportion as if the stand were 200 
years old. The larch, which dominate in the "overstory" and mostly 
seeded in 1970, are succeeded underneath by numerous Douglas-fir, 
subalpine fir, and spruce. The subalpine fir and spruce are still 
seeding in. This would not be unlike the situation one would find 200 
years from now, where old growth larch, unable to reproduce successfully 
in the understory due to shade intolerance, is being replaced by the 
subclimax species, Douglas-fir, and the climax species, subalpine fir. 
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F. Fuel Load and Fire Hazard 
The fuels in stand 805-3~047 are very light. Duff depth is less than 
half an inch. Debris potential in tons per acre (ovendry weight), as 
given from R1 edit stand examination data, is 4.82 tons/acre. All 
debris occurs in live crowns and unmerchantable tops. Very little large 
fuels were observed in the stand. 
Fischer's photo guide (Fischer, 1981) did not appear appropriate in 
rating fuel hazard. From personal observation, the fire potential 
rating would be low, with rate of spread, intensity, torching, crowning, 
and resistance to control all rated as low. Not enough fuels are 
present in the stand to carry a fire, and with the northeast aspect of 
the stand, duff moisture would typically remain high throughout the most 
critical fire periods. 
IV. The Forest Community 
A. Timber Stand 
Stand 805-3-047 was formally examined during September, 1985. using 
Region One stand examination procedures in compliance with Region One 
field instructions for stand examination and Forest inventory (USDA 
Forest Service, 1985b). This along with the R-l edit stand tables 
(Appendix D) and field reconnaissance comprise the basis for the 
following stand description. The following table summarizes the stand 
which can be defined as even-aged. 
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Table 1. Stand Attributes 
Avg Avg Avg LCR 
Species % T/A BA Age DBH HT % 
WL 18 1150 3-4 16.8 1.0 18.3 82.9 
LP 1 50 .0 8.0 .1 7-0 90.0 
DF 28 1800 .3 14.8 .4 12.7 89.8 
ES 23 1500 .0 11.3 .1 5.7 90.0 
AF 30 1950 .0 8.8 .0 2.2 87.7 
All Species 100 6500 3.7 16.6 .8 17.8 82.7 
Although larch composes only 18 percent of the trees per acre, the stand 
has the general appearance of a larch stand because of the early start 
and rapid height growth of the larch seedlings. Larch is the dominant 
component of the stand, with Douglas-fir also being a significant 
component. Based on height, larch would be considered in the dominant 
position and Douglas-fir codominant to intermediate in canopy position. 
Live crown ratios for all species are over 80 percent. 
B. Understory Vegetation 
Shrubs and subshrubs present in stand 805_3"047 are Acer glabrum, Alnus 
sinuata, Lonicera utahensis, Menziesia ferruginea, Pachistima 
myrsinites, Ribes spp.. Rubus parviflorus, Salix spp.. Spiraea 
betulifolia, Symphoricarpos albus, Taxus brevifolia, Vaccinium 
globulare, and Shepherdia canadensis. Some herbs and forbs include 
Clintonia uniflora and Xerophyllum tenax. 
Willow formed the major coverage (up to 45 percent of some of the plots) 
followed by alder and pachistima. All other shrubs and subshrubs 
generally covered less than 25 percent of the plots. 
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C. Diseases 
At the present time, there is no evidence of any epidemic disease 
infestations in stand 805_3"047. Personal discussions with Ray Shearer 
indicated that larch needle blight (Hypodermella laricis) is found in 
the stand, although rarely. Rhabdocline in Douglas-fir has also been 
observed but it does not appear to be a problem. 
No root rots were found in this stand and to date have not been a major 
problem on the Tally Lake Ranger District. 
D. Insects 
Cooley spruce gall aphid (Adelges cooleyi) has been observed on the 
spruce. It does not appear to be a problem. No other insect damage was 
observed. Larch casebearer does occur in the area in low endemic 
populations. 
E. Animal Damage 
Some browsing of Douglas-fir seedlings by big game was observed. The 
adjacent stand to the south of the subject stand, which is also a larch 
stand, had several vigorous sapling larch that were girdled by bears in 
the summer of 1986. It is expected that girdling of vigorous larch 
trees may become a problem in stand 805-3-047, especially if 
precommercial thinning is done and tree vigor is increased. 
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F. Wildlife and Fisheries 
The Miller Creek drainage provides habitats for big game animals, 
grouse, and a variety of non-game birds and small animals. Existing 
conditions support populations of elk, mule deer, white-tailed deer, 
black bear on a seasonal basis. Moose are yearlong residents of Miller 
Creek drainage. Approximately 15 percent of the drainage is in old 
growth. These stands provide habitats for two old growth indicators, 
pileated woodpecker and pine marten. Two other old growth species of 
interest, northern flying squirrel and the red-backed vole, also inhabit 
Miller Creek. 
No fish habitat exists in or adjacent to the subject stand. No live 
streams are within the stand and any overland flow would not likely 
reach the unnamed intermittent stream which flows toward Miller Creek. 
The Flathead National Forest Plan requires maintenance or enhancement of 
cavity dependent species' habitat in this stand. Presently no snags 
exist within the stand. To meet with Forest Plan snag guidelines, snag 
replacement trees will be needed. 
V. Stand History and Development 
Stand 805-3-047 was delineated as part of the Miller Creek cooperative 
prescribed burning study. Before logging, the stand was composed of 52 
percent western larch, 38% subalpine fir, and 10% spruce (in terms of 
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basal area). The stand was tractor logged in June, 1967* The stand was 
broadcast burned October 2, 1967. following a dry summer. Average duff 
depth before burning ranged from 1.4 inches to 4.1 inches, with an 
average depth of 2.4". After burning the duff depth averaged 1.0 inches 
for a reduction of 56 percent (Shearer, 1975)• In the next two to three 
years the remaining duff gradually disintegrated due to sloughing off 
and microbial activity. 
Forest succession has been monitored on stand 805~3-47 as part of the 
Miller Creek cooperative prescribed burning study. It is designated as 
unit E-6 and is one of 60 stands that were set up to study larch 
regeneration and forest succession in northwest Montana following 
clearcutting and broadcast burning. The experimental design was set up 
in 1966 (Beaufait, et al, 1975)• This habitat type is rated as a very 
favorable site for recovery (On, 1976). The unit was immediately 
colonized, primarily by fireweed (Stickney, 1980). Seed from heavy cone 
crops in larch and Douglas-fir in the adjacent seed walls fell in the 
area, with 1971 being a particularly heavy cone crop. By fall of 1973. 
stocking surveys showed 5100 trees per acre with 88 percent stocking. 
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VI. Site Productivity Potential 
A. Timber 
The Flathead National Forest Plan includes the ABLA/CLUN-CLUN habitat 
type in habitat group 6 (Cool and Moist). Productivity for this habitat 
type group is 80 to 90 cubic feet per acre per year under intensive 
timber management. This is a general productivity rating and may vary 
for specific habitat types within this group (USDA Forest Service, 
1985a). Pfister, et al, (1977) estimated that for this habitat type, 
yield capabilities could span from 45 cubic feet per acre per year to 95 
cubic feet per acre per year. Martinson and Basko (1983) give a 
productivity rating of high to very high, based on soils classification, 
with high being a mean annual increment of more than 85 cubic feet per 
acre per year. The prognosis model (Wykoff, et al, 1982) shows net 
total cubic foot volume for the stand, when fully stocked, is 63 cubic 
feet per acre per year. Gross cubic foot volume is 98 cubic feet per 
acre per year. Both these values are at culmination of mean annual 
increment. Based on landtype and the fact that this stand is on 7 to 11 
inches of ash cap, the productivity of this stand is probably near the 
upper end of the range of productivity for this habitat type, which is 
about 95 cubic feet per acre per year. 
The population mean site index for the ABLA/CLUN habitat type is between 
56.2 feet and 60.3 feet (99 percent confidence interval) (Schmidt, et 
al, 1976). Base year is 50. The prognosis model indicates that the 
dominant height for this stand at age 50 is 58.2. In order to reflect 
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growth with trees free to grow, a prognosis run was used with 
precommercial thinning (14' x 14' spacing). For modelling purposes this 
stand was assumed to have a site index of 60. 
B. Watershed 
No live streams flow through the subject stand. Because the relative 
gentleness of slope, surface erosion should not be a problem within this 
stand. Also, no new road construction will be necessary to log stand 
805-3-047. 
C. Grazing 
No grazing allotments are within this stand. Grazing exists on the 
district but not in this area. This area is not scheduled for livestock 
grazing in the future. 
D. Fisheries and Wildlife 
Fisheries are not considered to be an issue with the subject stand. No 
live streams are present in the stand and sediment yield will be minimal 
from any logging activity; therefore, fisheries will not be featured in 
this prescription. 
Shrub/sapling stands, such as the subject stand, have been favorable to 
moose and mule deer. These stands grow an abundance of willow and 
mountain maple which contribute to staple diet foods. It is thought 
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that Miller Creek drainage has the highest density of moose per acre on 
Tally Lake District. The juxtaposition of existing old growth stands to 
sapling stands is a key factor in meeting thermal and hiding cover 
requirements. Snags are in sufficient abundance in mature stands to 
provide necessary habitat for pileated woodpeckers; however, no snags 
were retained on stands cutover in the 60's and 70's. Snags may become 
a limiting factor in supporting snag dependent species as existing 
mature and old growth stands are removed. See Appendix E for wildlife 
biologist input. 
E. Recreation 
No recreational developments exist within the immediate area of the 
subject stand. Recreation is limited to dispersed activities such as 
hunting, and firewood cutting. Recreation will not be featured in this 
prescription. 
F. Visual Resource 
The visual quality objective of this area is modification. According 
to Pat Thomas, the Forest Landscape Architect, the subject stand is in 
a low level of sensitivity and is in a variety class where the 
vegetation and terrain is common to the Forest. The visual resource 
will not be featured in this prescription. 
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VII. Sllvicultural Objectives 
The major silvicultural objective is to maintain or enhance the 
productivity of the site while obtaining the maximum volume production 
in the most cost-efficient manner. In meeting these objectives, the 
following parameters are defined for composition, structure, and density 
for the target stand. 
Composition: Western larch will be the major species featured in 
the target stand, with Douglas-fir as a secondary species. 
Western larch is the preferred species for this habitat type with 
respect to growth (Beckley, 1982a). Western larch has outstanding 
strength properties which make it valuable sawtimber. Also, 
western larch has important silvical characteristics which make it 
easier than most species to manage. It can easily reproduce 
through natural seeding or it can be successfully planted. The 
mature trees are windfirm and fire resistant; therefore it is well 
suited for seed tree cutting. Both western larch and Douglas-fir 
are desirable species for wildlife snags. Douglas-fir is valuable 
for big game as it can provide thermal cover. Other species 
suitable to manage on this habitat type include spruce, and 
subalpine fir. Desired species mix should be about 30 to 50 
percent larch, 20 to 40 percent Douglas-fir, and 30 percent other 
species. Spruce should be the majority of the other species. 
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Structure: The stand should be even-aged in structure, both for 
cost efficiency reasons and to ensure adequate regeneration of 
larch. 
Density: Trees per acre and basal area should be managed to 
enhance stand vigor to preclude insect and disease damage and to 
maximize merchantable volume in a cost efficient manner. It is 
recognized that these parameters are dynamic over time. Full 
stocking table for western larch is given in the Forest Service 
Handbook on Management for Western Larch - Northern Region 
(1970). This table indicates that at age 20, full stocking is 
1,317 trees per acre; at age 50, 460 trees per acre; and at age 
100, 211 trees per acre. A table such as this reflects room to 
grow with none to spare. To follow such a trajectory over time 
requires intermediate treatments. A graph, such as given by 
Cochran (1985). could be used to define the uppper and lower 
cutting limits over time. Changing basal area through 
intermediate cutting should be linked to a cost efficiency 
analysis. 
Other resource considerations include suitable hiding and thermal cover 
for big game, and snags for snag dependent species. 
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VIII. Alternative Treatments 
A. Present Stand Comparison to Target Stand 
The present stand is overstocked, with approximately 65OO stems per acre 
at age 16. Species composition is similar to the target stand goals, 
although tending towards too high of a stocking of subalpine fir and 
spruce. Structure is even-aged. In general, the stand is similar to 
the target stand. 
B. Alternative Treatments 
Management actions considered to modify the existing stand to meet the 
target stand involve thinnings, both precommercial and commercial. 
Because the stand is similar to the target stand, a defer treatment 
alternative was also considered. The alternative treatments evaluated 
and considered for stand 805-3-047 are 1) defer treatment, 2) one 
precommercial thinning, 3) one precommercial thinning and one commercial 
thinning, and 4) one commercial thinning only. Several variations of 
all alternatives were considered, based on differences in precommercial 
thinning intensities, type of commercial thinning, and differences in 
rotation length. Final harvest is assumed to take place either at CMAI 
(culmination of mean annual increment) or at 95 percent of CMAI. Final 
harvest at 95 percent of CMAI ranged from 10 to 30 years earlier than 
harvesting at CMAI. Alternatives considered are shown below in Table 2. 
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Table 2. Spacing, Type, and Timing of Alternative Treatments 
Alternative Precommercial Comm. Thin Final Harvest 
Description Thin 1990 100 sqft BA 95% CMAI CMAI 
(Spacing) (Type-Year) (Year) (Year) 
NOTHIN None None 2066 2086 
14x14 l4xl4 None 2096 2096 
12x12 12x12 None 2066 2086 
10x10 10x10 None 2066 2076 
8x8 8x8 None 2056 2066 
6x6 6x6 None 2056 2076 
NOTHINBBA None Below-2026 2066 2076 
lOxlOBBA 10x10 Below-2046 2066 2086 
8x8BBA 8x8 Below-2036 2086 2096 
6X6BBA 6x6 Below-2036 2056 2066 
NOTHINABA None Above-2026 2086 2106 
lOxlOABA 10x10 Above-2046 2086 2096 
8x8ABA 8x8 Above-2036 2086 2096 
6X6ABA 6x6 Above-2036 2086 2116 
C. Discussion of Alternative Formulation 
The various modifications or treatments necessary to bring the existing 
stand to the density of the target stand result in 14 different 
alternatives. The following rationale was used in formulating the 
timing choice and changes in stocking and species composition for each 
type of treatment. 
Precommercial thinning: The stand, with a density of 65OO trees per 
acre, is considerably above full stocking (about 1400 trees per acre) 
for a normal stand at this age. Precommercial thinning was considered 
as a treatment to reduce stocking. Five different spacings (lVxlV, 
12'xl2', lO'xlO', 8'x8', and 6'x6') were considered as well as no 
precommercial thinning. Only one timing choice was considered, with 
precommercial thinning to be done around 1990. Timing of thinning is 
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dependent on crown closure. Dieback of lower live limbs would be 
desirable so that branch turn up is not a problem. Waiting too long 
may reduce stand vigor and response to thinning may not be that great. 
Also, unthinned trees exhibit reduced diameter growth which may result 
in snow damage. Diameter growth is very sensitive to stocking. With 
this stand, however, western larch is not excessively dense and snow 
damage would not likely be a problem (Schmidt and Schmidt, 1979). 
Commercial thinning: The timing of commercial thinning is determined 
from stocking level curves (Cochran, 1985, fig. 2). These curves are a 
function of basal area, trees per acre, site index, and quadratic mean 
diameter. Stands are considered for a commercial thinning when they are 
75 percent or greater of normal stocking. Commercial thinnings reduce 
stocking to 45 percent of normal stocking. The summary statistics from 
the stand growth prognosis model (Wykoff, et al, 1982) were used to 
determine when thinning should occur. Timing for commercial thinning 
varies with the spacing used in precommercial thinning. The 100 square 
feet of basal area is representative of 45 percent of normal stocking 
for 75 to 175 trees per acre and 10 to 15 inch quadratic mean diameter. 
Stands which were thinned to 12'xl2' and 14'xlV spacing were not 
considered for a commercial thin because 75 percent of normal stocking 
was never attained until close to culmination of mean annual increment. 
Normally, the only type of thinning to be considered in a larch stand 
would be thinning from below due to the intolerance of larch. With this 
stand, however, thinning from above was considered because of the amount 
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of Douglas-fir present in the stand in the intermediate and codominant 
position in the canopy. 
Final harvest: Culmination of mean annual increment was used to 
determine when the regeneration cut would occur. An alternative 
rotation length was evaluated which considered the base rotation as the 
length of time required to achieve volume production equivalent to at 
least 95 percent of CMAI (USDA Forest Service Handbook 2409.13~32.1, 
1985). Type of cutting method to be used is seed tree. This method 
should ensure adequate natural regeneration and the replacement of snag 
trees. 
Site preparation and reforestation. The preferred method of site 
preparation is broadcast burning. Studies have shown that larch rapidly 
reforests a burned site and exhibits increased growth relative to sites 
that are mechanically prepared (Schmidt, et al, 1976). At this time, 
however, prescribed burning is more expensive than mechanical site 
preparation. Also the backlog of units to burn due to narrow burning 
windows has forced the use of prescribed burning to only those units 
with steep slopes where mechanical site preparation is not possible. 
Whether these factors will be present in the future remains to be seen. 
Therefore the type of mechanical site preparation assumed in all 
alternatives is chain scarification. Some dozer piling is expected due 
to the understory of spruce and subalpine fir that will be present. 
With adequate scarification, as little as 3 trees per acre are needed to 
ensure adequate regeneration of larch (Schmidt, et al, 1976). For 
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genetic diversity, 7 to 9 trees per acre are recommended to be left as 
seed trees. Natural regeneration is the desired method of regeneration 
because of lower cost and potentially greater genetic diversity than 
artificial regeneration. 
IX. Analysis of Alternatives 
A. Productivity Enhancement 
Each of the 14 different combinations of treatments listed above were 
modelled using the growth prognosis model (Appendix F). The following 
yields that would be obtained are displayed in Table 3• 
Table 3? Yields in MBF and Year of Harvest for Intermediate and Final 
Harvest for Each Alternative 
Alternative Intermediate Final Harvest 
Description Harvest 
2026 2036 2046 2056 2066 2076 2086 2096 2106 2116 
NOTHIN 23.0 31.0 
l4xl4 24.2 26.9 
12x12 23.8 30.8 
10x10 25.1 29.1 
8x8 22.4 26.5 
6x6 23.5 31.9 
N0THINBBA .4 23-3 26.9 
lOxlOBBA 4.2 22.1 29-0 
8x8BBA 3.2 30.8 3^.7 
6x6BBA 3.0 18.7 22.7 
N0THINABA 6.0 24.7 31-3 
lOxlOABA 8.3 23.3 26.5 
8x8ABA 7-5 28.0 33.4 
6x6ABA 8.4 23.4 34.2 
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Yield for Final Harvest is displayed at 95# of CMAI and at CMAI. For 
example, for Alternative NOTHIN, the final harvest may take place in 
year 2066, which is 95 percent of CMAI. Harvesting then would yield 23 
MBF per acre. Or harvesting may take place in year 2086, which is CMAI, 
for a yield of 31 MBF per acre. Final harvest is assumed to be a 
clearcut for modelling purposes. Volumes from the seed tree removal are 
not included in this table. 
Alternatives that involve precommercial thinning with lVxlV and 
12'xl2' spacing were dropped from further evaluation because of the long 
rotations and the fact that volume at the end of the rotation was no 
greater than without precommercial thinning. These treatments, which 
reduce stocking to only 17 to 23 percent of normal stocking at this age, 
appear to leave the stand not fully occupied for most of the rotation. 
Also Alternative NOTHINBBA, which involves no precommercial thinning and 
a commercial thinning from below, was eliminated from further 
consideration because of the small amount of volume removed in the 
intermediate harvest. 
B. Cost efficiency analysis 
Cost efficiency is a primary concern, but not the only concern, in 
choosing the prescribed treatment. Present net value is used as the 
primary measure of cost efficiency (USDA 36 Code of Federal Regulations, 
1982b, part 219.3)' Present net value for each treatment was calculated 
using the ECON model (Cawrse, 1984), which is available on Flathead 
National Forest. Values for each treatment are displayed in Appendix G. 
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Dynamic programming was used to evaluate the alternatives as to which 
path would maximize soil expectation value. The methodology for using 
dynamic programming in forestry applications is given in Davis and 
Johnson (1987. Pg. 508-520). Soil expectation value, which is generally 
regarded as the correct way to value forest investments (Samuelson, 
1976), can be easily calculated once the total present net value for 
each alternative is calculated. In using dynamic programming, paths are 
defined for each alternative, with the present net value for each 
treatment being the reward for following a given path. The highest 
reward is tracked through each node, or decade, for each path. The 
optimal path is then determined by tracking backwards through each node 
(backward recursion). Appendix H displays a chart of the different 
paths possible and the calculations for determining the path which 
maximizes soil expectation value. 
Results are displayed below for the 8 different paths that gave the 
highest soil expectation values. The paths were: 
Precommercial Intermediate Final Harvest SEV 
Thin Harvest Age 
None Above (BA - 100) 116 (95# CMAI) $2827 
None Above (BA - 100) 136 (CMAI) 2385 
None None 96 (95# CMAI) 2279 
6'x6' None 86 (95# CMAI) 2100 
6'x6' Above (BA - 100) 116 (95# CMAI) 2000 
8'x8' Above (BA - 100) 116 (95# CMAI) 19 22 
8'x8' None 86 (95# CMAI) 1885 
6'x6' Below (BA - 100) 86 (95# CMAI) 1876 
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The soil expectation values for all 8 paths are within 3^ percent of 
each other. Given the amount of sampling error in the original stand 
exam (43 percent), the error in prediction of growth of the stand by the 
prognosis model, and the amount of uncertainty in future prices and 
markets, all 8 strategies could be considered cost efficient strategies 
(all at least exceeded a 4# return on the investment). Note that all 8 
strategies involve either no precommercial thinning or thinning to a 
6'x6' or 8'x8' spacing, and final harvest at 95# of CMAI (with one 
exception). Even though higher volumes are achieved at CMAI, the 
earlier harvesting at 95 percent of CMAI had a higher discounted value. 
Intermediate harvest, from either above or below, appears to be optional 
in maximizing soil expectation value. 
C. Preferred Alternative and rationale 
Bearing in mind that this analysis is only intended to aid the decision 
maker in determining what treatments are necessary to bring the stand in 
line with the target stand, the alternative selected is not any of the 8 
treatments listed above. The preferred alternative is Alternative 
8x8BBA, which involves the following treatments: 
Precommercial Thin to 8'x8' spacing; 
Intermediate harvest from below at age 2036 to 100 sq. ft. basal 
area - yield is 3.2 MBF/acre; 
Final harvest at 2086 (95# CMAI) - yield is 30.8 MBF/acre. For 
modelling purposes this entry was treated as a clearcut; actual 
implementation will be a seed tree cut. 
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Comparison of yields for this alternative (8X8BBA) are given in Table 
3. Soil expectation value is $829/acre, which is below any of the other 
8 alternatives. The decrease is attributed to an increase in rotation 
age which more heavily discounted harvest values. Total volume 
harvested is greater with this alternative than all but one of the other 
8 alternatives. (See Appendix G for the economic analysis). 
Thinning to a 6'x6' or 8'x8' spacing seems to allow full occupation of 
the site. Trees developing at this spacing would have more length of 
clear bole and less chance of epicormic branching than trees grown at 
wider spacings, thus leading to higher quality wood. Alternatives with 
no precommercial thinning were rejected because stand target objectives 
would not be met, and stand vigor and productivity would not be 
enhanced. 
For the commercial thinning, thinning from below was chosen over 
thinning from above. Seidel (1980) states that thinning from above 
reduced net volume growth because of windthrow and exposure, and 
recommended thinning from below in unmanaged larch stands. Cochran 
(1985) also suggests thinning from below for larch stands. Because the 
Miller Creek area has had some windthrow after logging in the 1960's, 
thinning from below is recommended. 
For a comparison of the FORPLAN solution to the preferred alternative, 
see Appendix I. 
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X. The Prescribed Treatment 
Based on the selected alternative the first entry would be a 
precommercial thin in 1990, a commercial thin from below in 2036, and a 
final harvest in 2086. 
Precommercial Thin (1990) 
Thin to an 8' x 8' spacing to leave a total of 681 trees per acre. 
Thinning should be from below. Species preference is larch, 
Douglas-fir, spruce, lodgepole, and subalpine fir. Within one half 
chain of road No. 2877. no thinning shall be done. This will provide 
hiding cover along the road and reduce the sight distance into the 
stand. Also it will act as a green strip and reduce the fire hazard 
along the road. Trees under 18 inches in height may be left. Trees 
should be cut below the lowest live limb, with a stump height not to 
exceed 8 inches. 
Commercial Thin 
1. Sale Preparation (2035) 
a). Unit boundaries should conform with the natural stand boundaries. 
b). Skid trails and landings should be laid out in conjunction with the 
unit layout. Skid trails should be 100 to 150 feet apart. Skid trail 
systems should be used for future timber harvest entries. 
c). The stand should be thinned from below to leave approximately 100 
square feet of basal area per acre, evenly distributed throughout the 
stand. This accounts for a spacing of approximately 20' X 20'. The 
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percentage of trees by species before thinning, after thinning, and 
removed during thinning are: 
Before thinning 
After thinning 
Removal 
61# DF 30# WL 4# S 3# AF 
49# DF 50# WL 0# S 0# AF 
66# DF 22# WL 6# S 4# AF 
d). The unit will be leave tree marked. Mark trees with the largest 
and best crowns, the best form, and that are disease free (no sign of 
cankers or mistletoe). Also mark those trees which would be suspect to 
loss from harvesting in order to reach the designated basal area target. 
2. Sale Administration (2036) 
Tractor logging is the most feasible logging method. Equipment used 
should be no larger than a D-4 or the equivalent to minimize damage to 
the residual stand. Directional fell cut trees in a herringbone fashion 
to identified skid trails. Skidding tractors should be equipped with a 
winch, with 50 to 75 feet of cable, and confined to designated skid 
trails and landings. Stem length yard merchantable material. Rub or 
bumper trees may be used during logging to facilitate skidding and also 
to minimize damage to the residual stand. These trees should also be 
removed. 
3. Slash Treatment 
Logging slash should be lopped to a 2" diameter. This is to facilitate 
breakdown of the slash. Reduced slash heights would also not impede 
wildlife use. 
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Seed Tree Regeneration Harvest (2086) 
1. Sale Preparation (2085) 
Unit boundaries should be the same as the commercial thinning sale 
layout. During layout the following changes should be made. 
a). Leave tree mark with the spacing being approximately 70 to 80 
feet. Leave approximately 6 western larch and 2 Douglas-fir per acre to 
provide the desired species mix, for a total of 7 to 9 trees per acre. 
b). To meet with the snag guidelines leave 1 snag per acre with a 
minimum diameter of 20 inches DBH. If existing snags are not available 
trees should be girdled or identified and marked as future snags during 
layout. Any of the 2 residual species would be desirable as snags. 
2. Sale Administration (2086) 
Tractor logging is the most feasible logging method. Soil compaction 
guidelines should be followed. Soils on landtype 26C-8 with an 
ABLA/CLUN-CLUN habitat type will generally be dry enough for dispersed 
skidding for approximately 30 days each year. Designated skid trails 
and winter logging are alternative methods to minimize soil compaction. 
If designated skid trails are used, directional fell cut trees in a 
herringbone fashion to identified skid trails. Whole tree yard or stem 
length yard merchantable material. If logging takes place during the 
winter or on designated skid trails, the understory should be left to 
facilitate drying out of the stand. 
3. Slash Disposal and site prep (2087) 
Chain scarify and if necessary dozer pile slash. Leave 10 to 15 tons 
material on site. Piling and scarification should take place during the 
30 day period when soils are sufficiently dry. Scarification should 
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leave 30 to 40 percent bare mineral soil. If the unit does not 
sufficiently dry out, then broadcast burning will be used for slash 
disposal and site preparation. 
4. Accomplishment of wildlife objectives 
Slash levels should be reduced through chain scarification so as not to 
impede elk movement. Slash depths should not exceed 1.5 ft. Security 
areas will be provided through the management of cover and roads in that 
drainage. Road closures will be maintained during logging, with open 
road densities not to exceed 1.0 miles per square mile. Also hiding and 
thermal cover are essential factors in providing adequate security. At 
least 40 percent of the area should be maintained in cover, with the 
cover properly interspersed with openings. An evaluation from the 
wildlife biologist should be used in the environmental analysis of sale 
planning at the time of the regeneration cut. 
Reforestation (2092) 
Rapid natural regeneration is preferred. Minimum stocking level after 
the fifth growing season should be 550 trees per acre with a minimum of 
250 seedlings per acre well distributed throughout the stand (USDA 
Forest Service, 1985b, pg 1-12). Monitor for natural regeneration by 
use of stocking surveys in the first, third, and fifth growing seasons. 
If natural regeneration is not successful after the fifth growing 
season, i.e., the minimum stocking level is not met or not likely to be 
met, interplanting the stand should be planned. If interplanting is 
required, plant 60 percent western larch and 40 percent Douglas-fir. 
Stock should be 2-0 and planted with a hoedag. Spacing will depend on 
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the amount of natural seedlings in the stand. Post-planting stocking 
level should be 550 trees per acre. 
Overstory Removal (2096) 
1. Sale Preparation 
Any girdled snags or replacement snags identified should be retained for 
leave in this entry. 
2. Timber Harvest Operations 
After successful regeneration, the overstory should be harvested while 
the new regeneration is less than 2 feet high. To protect the 
regeneration winter logging is preferred and essential to meet with 
management objectives. Stem or log length yard trees to landings. 
3. Slash Disposal 
Lop limbs and tops and scatter so they do not extend more than 2 feet 
above the ground. 
Monitoring and Treatment Evaluation Plan 
The following monitoring and evaluation that will be necessary to ensure 
the prescription is carried out in a manner that meets management 
objectives and direction. 
1. Sale Preparation 
Unit layout and marking requirements should be decided upon by both the 
silviculturist and preparation forester. Both should supply needed 
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training to crews where necessary and review work for compliance. Also 
input from the wildlife biologist is needed to evaluate cover and road 
closure requirements for elk security. 
2. Timber Harvest and Slash Disposal 
Silviculturist and sale administrator should visit operations to ensure 
compliance with the prescription and contract to ensure management 
objectives are being met. 
3. Stand Examinations 
Stand examinations should be done at ten year intervals to monitor 
growth, mortality, species composition, stand density, and insects and 
diseases in the stand. Estimated timing and need of intermediate 
harvest should be verified with stand examination data. 
4.  Reforestation 
Silviculturist and reforestation Forester should review plans and field 
work to ensure compliance with prescriptions, or make any needed 
adjustments. 
5. Stocking Surveys 
Silviculturist reviews to ensure adequate regeneration, certify 
establishment, and schedule future surveys. 
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XI. Effects of the Treatment 
A. Growth. Yield, and Genetic Gain 
The preferred alternative comes close to maximizing merchantable volume 
removed from the stand when compared with other alternatives. Only 
those alternatives that involve thinning from above yield more 
merchantable volume over a rotation. Stand vigor should be enhanced as 
both precommercial thinning and commercial thinning from below would 
increase the amount of nutrients, water, and light available for the 
residual stand. Opportunities for genetic gain occur at nearly every 
entry. At the precommercial thinning entry, selection for heritable 
traits involving growth, form, and insect and disease resistance would 
result in genetic gain. Thinning from below at the precommercial and 
commercial thinning entries would select for rapid height growth. At 
the seedtree harvest, branch angle and seed production would be involved 
in selection of leave trees, as well as disease resistance and 
straightness of the bole. Finally, if planting is needed, genetically 
improved stock could be used. All these actions change the frequency of 
desirable genes (from a management viewpoint) and would result in more 
genetic gain than that which would occur naturally over a rotation. 
B. Insects and Disease 
No epidemic insect infestations are expected. Managing for the serai 
species, larch and Douglas-fir, on this habitat type should lower the 
probability of any serious outbreaks of insects or diseases. With soil 
compaction minimized through proper logging methods and nutrient cycling 
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increased through decomposition of slash from precommercial thinnings, 
the stand should not be predisposed to insect and disease attacks. 
C. Soils 
Soil disturbance will be minimal based on the timing of logging. The 
only lasting soil disturbance if any will be on the designated skid 
trails. Because harvesting may only be done under winter conditions, 
dry soils, or on designated skid trails, soil compaction should be 
reduced. Future growth loss may exist because of compaction on skid 
trails but should be minimal. 
D. Slope Hydrology 
No increased water yields are expected from commercial thinning because 
more than 50 percent of the basal area is retained after thinning. 
Minimal water yield increase is expected from the regeneration cut. Any 
increase in the Miller Creek drainage can be mitigated by staggering 
cutting, both in time and space, of the adjacent stands so that peak 
flows do not coincide. Effective hydrological recovery is expected 
within 20 years. 
E. Wildlife 
Big game would benefit more if Douglas-fir were the featured species 
instead of larch due to Douglas-fir being superior to larch in providing 
thermal cover. Enough Douglas-fir, however, is present in the stand to 
ensure adequate thermal cover both before and after commercial 
thinning. Managing for replacement snags would ensure adequate habitat 
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for snag dependent species. Screening cover will be provided by not 
precommercial thinning along the road. Precommercial thinning will 
prolong the life of shrubs within the stand and thus provide more forage 
for big game (Schmidt, et al, 1976). 
F. Recreation and Visual Quality 
Modification visual quality objectives will be met. No recreational 
conflicts should occur within the stand. 
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Appendix B 
SECTION 20—KEITH MOUNTAIN-ADAMS MOUNTAIN STUDY 
INTRODUCTION 
This report is for a CEFES project. It is taken from a report that is 
being written for the Tally Lake area northwest of Whitefish. 
CONCLUSION 
Section 20 lies in an area in which no major problems exist and that is 
relatively stable hydrologically. Thus, with application of standard 
Best Management Practices, the water resource should not be negatively 
impacted by the proposed plan. 
ANALYSIS OF THE WATERSHED FEATURES CRITICAL TO MANAGEMENT OF SECTION 20 
The study area lies near the headwaters of Miller Creek, an east-facing 
drainage in the eastern edge of the Salish Mountains. Bedrock in Miller 
Creek is Precambrian Helena Formation limestone and argillite. Bedrock 
of this area was uplifted, gently folded, and faulted during the 
Laramide Orogeny (the mountain building episode when the Rocky Mountains 
were built). During the Pleistocene glacial age a lobe of ice flowed 
south from Canada and scoured the area. Glacial debris was deposited 
over bedrock. 
Due to the mountain building, bedrock was fractured and now has moderate 
porosity and permeability. In Section 20, bedrock dips 0 to 15 degrees 
to the north. Water can move downward and laterally along the fractures 
and downward along the bedding planes. Water can also move downward or 
laterally along the fault that crosses the northeast corner of Section 
20. 
Average annual precipitation ranges from 26" at the mouth of Miller 
Creek to 31" at the headwaters. Section 20 receives 29-30" of 
precipitation. About 50% of the precipitation falls as snow. This is 
not an area of high intensity rainstorms although such occur 
occasionally. 
In this area of Montana the 26" of precipitation equates to 7.6" of 
runoff, the 31" to 10.8", 29" to 9-4" and 30" to 10". 
Rainwater and snowmelt can infiltrate into the soil and bedrock and move 
through fractures in bedrock. Two general directions of groundwater 
flow may exist in the study area—a weak one to the north along the 
gently dipping rocks and another one that follows topography but at a 
lesser slope than topography. Water that enters the ground here can be 
expected to be dispersed and not concentrate to cause watershed 
problems. 
In Section 20 the actual runoff is probably slightly less than the 
average because the topography is relatively gentle, soil and bedrock 
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are relatively porous and permeable, bedrock structure would tend to 
disperse rather than concentrate groundwater, and the climate is 
relatively warm and attendant evaporation should be slightly greater 
than the average for western Montana. The actual average annual runoff 
of the study area is probably about 9 inches. 
Thus the Miller Creek watershed, in which Section 20 lies, has a 
combination of natural characteristics that are relatively resistant to 
erosion and mass wasting. Bedrock is resistant to erosion and mass 
failure. Glacial deposits are moderately- to very erodible because they 
are fine-grained and uncemented but in this area they are not very thick 
and are moderately porous. Runoff is low and water that infiltrates the 
ground is dispersed. Topographic slopes here are relatively gentle. 
Vegetative cover is generally dense and vigorous and acts as a buffer to 
erosion and sediment transport. This is advantageous for management 
options because most activities, if done carefully, can be done without 
damaging the integrity of the watershed and lowering water quality. 
Management activities of the past have left the Miller Creek watershed 
in good to moderately good condition. Section 20 appears to be in good 
condition. Any area that has not healed from past logging activities 
should be considered for omission from new road building of timber 
harvest. The amount and type of new activity planned for Section 20 
should be more helpful than harmful to watershed health. 
If any unexpected streams or wet spots appear during the layout of 
planned logging or timber harvest, a field review to asses any potential 
problems and determine reasonable solutions should be made by the 
hydrologist. 
Phyllis Snow 
Forest Hydrologist 
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Appendix C 
Soil Interpretations 
Timber stand #805-3-478 is 14 acres in size and is located in the west 
1/2 section 20, T23N, R24W. This stand is on the Tally Lake Ranger 
District in Miller Creek. 
Soils are developed in a glacial till with a volcanic ash influenced 
surface layer. The gravelly silt loam glacial till is from the 
calcareous argillite bedrock formation called Empire. These soils are 
classified as Andeptic Cryoboralfs, in a loamy skeletal, mixed family, 
and a landtype 26C-8. Slopes are 20-40#. Habitat type is a 
ABLA/Clintonia-Clintonia or a ABLA/Clintonia-Xerophyllum. The ash rich 
surface soil is brown in color, has a bulk density of .65 to .75 
grams/cubic cm. It is 7 to 12 inches thick. 
A detailed soil profile description was written near by. The late Ron 
McConnel of the regional office in Missoula characterized this soil as 
part of the Miller Creek logging and site preparation study in 1960's. 
These soils are highly productive. They are also susceptible to soil 
compaction of the top soil. Interim guides to minimize soil compaction 
on the Tally Lake Ranger District are available. 
Plans are to use designated skid trails with 100 to 150 foot spacing 
which will minimize the amount of soil compacted as well as protect the 
residual trees during precommercial and commercial thinning. We are 
available to monitor soil change by making transect inventories and 
measure effects by taking paired bulk density samples. 
Albin Martinson 
Forest Soil Scientist 
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Appendix D 
Stand Exam and Fuels Data 
Based on my experience on the Tally Lake Ranger District, 6 standard 
exam plots were taken in stand 805-03-047. The stand appeared 
homogeneous and uniform. My objective was to achieve a sampling error 
of 40 percent or less for trees per acre with 95 percent confidence. 
The plots were placed systematically throughout the stand. Sampling 
error for trees per acre was 43 percent, or 6500 trees + or - 2793 
trees. Number of plots needed to achieve a 40 percent sampling error is 
7. No further plots were taken due to cost. 
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Appendix E 
WILDLIFE HABITAT DESCRIPTION OF MILLER CREEK 
prepared by: Vernon LaFountain, District Wildlife Biologist 
Miller Creek encompasses a 551^ acre drainage area characterized by 
gently rolling hills with smooth rounded ridges and gentle to moderate 
(0-35%) slopes ranging in elevation from 4*100 - 5300 feet above MSL. The 
drainage has been extensively logged since the 1960's. Approximately 50 
% of the area's forest has been converted to early successional stages. 
A majority of the treated stands are now recovered to a shrub/sapling 
stage. It appears that Miller Creek supported old growth mixed species 
stands with western larch, Douglas-fir, and spruce as major overstory 
components on a predominant Abla/Clun forested habitat type. 
Understories are represented by shrubby menziesia and alder phases on 
moist aspects and drier beargrass phases on south exposures. 
The drainage area provides habitats to big game animals, grouse, and a 
variety of non-game birds and small mammals. Conversion of Miller 
Creek's older growth forest has been favorable to wildlife species 
which prefer forests in a regenerating status and unfavorable to old 
growth dependent species. Big game habitat has been a primary concern 
with management proposals, principally timber harvest, while old growth 
forest retention has been overlooked. 
BIG GAME 
Existing conditions support populations of moose, elk, mule deer, 
white-tailed deer, and black bear on a seasonal basis. Moose are 
yearlong residents to Miller Creek. Habitat recovery to shrub/sapling 
stages has been favorable to moose and mule deer. It is thought that 
Miller Creek has the highest density of moose per acre on Tally Lake 
District. Excessive removal of summer thermal cover may have lowered the 
carrying capacity for elk, but elk do make consistent utilization of the 
treated stands where hiding cover is functional. 
During normal winters snow depths will force deer out of the drainage 
and elk prefer not to winter here. Moose spend much of the early winter 
among the shrub/sapling units which grow an abundance of willow and 
mountain maple for staple diet foods. Native residual stands on the 
lower slopes become important for thermal cover as snow conditions 
deteriorate during the course of the winter. 
The presence of tall shrubs contributes significantly to the hiding 
cover values. As leaf fall occurs, visibility through the regenerating 
stands increases lowering fall season hiding cover values. At present, 
summer hiding cover is calculated at 48 % taking into account current 
timber sale plans. This is also affected by the high percentage of larch 
composition in the regenerating stands. The contribution of deciduous 
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plants to hiding cover becomes an important factor during the fall 
hunting season. Miller Creek is a popular area for road hunters due to 
long sight distances across units and available road access. 
OLD GROWTH HABITAT 
Old growth mixed species stands have not been inventoried in the 
drainage. Aerial photographs indicate that approximately 15 % of the 
drainage is in old growth conditions. This will further reduced through 
planned timber harvest. These stands provide habitats to two old growth 
indicators, pileated woodpecker and pine marten. Two other old growth 
species of interest, northern flying squirrel and the red-backed vole, 
also inhabit Miller Creek. 
Habitat components for pileated woodpeckers within the stands include 
the presence of large diametered standing snags and large woody 
downfall. Marten components involve an abundance of large downed logs 
and a relatively high overstory canopy closure. Both species prefer 
large expanses, in continuum, of older growth forest. 
Snags appear in sufficient abundance in the older growth stands to 
support several breeding pairs of pileated woodpeckers. A noticeable 
number of mature Douglas-fir trees have been dying (unknown cause) in 
the native stands which will provide feed trees for both bark gleaming 
and excavating birds. Snags were not recommended for retention in the 
older cutting units as this was not common practice during the 1960's 
and '70's. Also site preparation was accomplished on many units by 
burning. 
The primary concern for old growth wildlife habitat in Miller Creek is 
retaining the integrity and continuity of remaining stands, a difficult 
proposition in light of the timber volume targets. Larger expanses of 
old growth forest will likely become fragmented in the future. 
Flathead National Forest has implemented guidelines for retaining 
existing snags, primarily for woodpeckers. These guidelines vary 
according to the Forest Plan allocations. For the majority of Miller 
Creek about 90 snags per 100 acres is recommended. Among regenerating 
stands without snags prescriptions will have to call for leaving enough 
mature trees, possibly through several rotations, allowing them to 
develop into suitable snags. 
MANAGEMENT OF REGENERATING STANDS 
Aside from remaining timber harvest opportunities in Miller Creek, much 
of the management practices in the next few decades will involve 
treatments to regenerating stands. Manipulating stands when they are 
young will influence their value to wildlife throughout the rotation 
period. Timber stand improvements effect wildlife through the 
modification of stand structure and composition, two features which 
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wildlife respond to. On a broader scale one could consider the 
juxtapositioning and distribution of stand treatments to create a mosaic 
of various stand structures and compositions. 
The next section will consider a specific stand, 805_3~^7. with regard 
to wildlife habitat. With the exception of big game winter ranges, 
proposed treatments to young regenerating stands have not been 
critically reviewed for wildlife habitat recommendations. As management 
activities are shifted more towards timber stand improvements I think 
more emphasis will be placed on managing young stands to meet future 
wildlife habitat criteria. 
STAND 805-3-47 
This stand has some detailed information as it is part of the Miller 
Creek Study. In some regards it does not appear to representative of the 
drainages' regenerating stands, due to the fact that Douglas-fir is 
higher in composition relative to western larch and it appears to be 
more open grown in terms of horizontal cover provided by conifers and 
shrubs. 
Following are some wildlife habitat concerns which can be considered in 
preparing the prescription treatment(s). 
OLD GROWTH FOREST: There are no directions at present to prescribe 
treatments on regenerating stands for allowing extended rotations. 
Trying to mimic old growth forest conditions would require 
identification of suitable stands which could be carried through several 
rotations and developing a prescription to create strata diversity. 
Essentially it would involve uneven aged management with emphasis on a 
large overmature overstory. Until such time direction is given to manage 
for these conditions on upland sites there is no need to pursue it 
farther with this stand. 
SNAG HABITATS: Snags were not retained in many of the cutover stands in 
Miller Creek as mentioned. We now have direction for snag retention on 
lands allocated for timber production. This stand had all snags removed 
or felled during the logging operations. Therefore it would be desirable 
to select western larch as the species to provide snag replacement 
trees. Refer to the District Snag Guidelines for specific details. Two 
to three trees in a group can be retained through the rotations until 
they are large enough to satisfy size requirements. Girdling live mature 
trees may be necessary. Over a larger area about 90 snags per 100 acres 
are recommended. Dougals-fir may also be left (along with the larch) to 
provide feed trees. 
BIG GAME: For hiding cover retention it is recommended that a denser 
band of conifers be left along the road for screening cover, i.e. thin 
lightly along the road. Within the unit Douglas-fir provides better 
hiding cover than larch, especially during the fall when larch drops its 
foliage. In Miller Creek most of the regenerating units offer hiding 
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cover only with deciduous larch and shrubs. In terms of summer thermal 
cover selecting for the Douglas-fir component is recommended. Removal of 
residual native mature stands with timber harvest will leave a shortage 
of summer thermal cover in Miller Creek. And since many regenerating 
stands are being managed for the larch component future stands are 
likely to offer poorer quality thermal cover. As this stand is situated 
on an eastern aspect it is an ideal location for thermal cover. 
ANIMAL DAMAGE: Black bears have been very active in stripping the bark 
off of western larch in Miller Creeks regenerating stands. It is thought 
that the fastest growing trees (usually larch) are more palatable to 
black bear. This stand does not appear to have bear damage but other 
stands in close proximity do. Consideration should be given to 
increased palatability of trees when stand is thinned. 
SLASH: Heavy slash layers will impede summer range foraging 
opportunities for deer until the slash breaks down. Since deer and 
moose often use older trails for travel lanes it would be best not to 
lay slash concentrations across the skid trails. 
MOOSE WINTER RANGE: Moose winter in Miller Creek during mild winters 
with low snow accumulations. If they do the native residual stands may 
be used as thermal cover (especially for cows with calves). With future 
stands ii would be in the best interest of moose to manage for stands 
that would meet winter thermal cover criteria. 
SNAGS: Refer to snag habitat guidelines in the Flathead National Forest 
Plan. 
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Appendix F 
Growth Model Outputs 
Growth was modelled using the growth prognosis model. Printouts of the 
summary statistics for each of the 14 alternatives are included in the 
following order: 
Alternative Precommercial Comm. Thin Final Harvest 
Description Thin 1990 100 sqft BA 95% CMAI CMAI 
(Trees/ac) (Type-Year) (Year) (Year) 
NOTHIN None None 2066 2086 
l4xl4 222 None 2096 2096 
12x12 302 None 2066 2086 
10x10 436 None 2066 2076 
8x8 681 None 2056 2066 
6x6 1210 None 2056 2076 
NOTHINBBA None Below-2026 2066 2076 
lOxlOBBA 436 Below-2046 2066 2086 
8x8BBA 681 Below-2036 2086 2096 
6X6BBA 1210 Below-2036 2056 2066 
NOTHINABA None Above-2026 2086 2106 
lOxlOABA 436 Above-2046 2086 2096 
8x8ABA 681 Above-2036 2086 2096 
6X6ABA 1210 Above-2036 2086 2116 
Site Index was calculated using Alternative 14x14. Calculations are 
given on that printout. Site Index was $8 .2 .  
Calculations for mean annual increment are given on the far right hand 
side of each printout. Merchantable cubic foot volume was used in the 
calculation. 
Productivity was calculated using Alternative NOTHIN. To calculate 
gross productivity in cubic feet, accretion per year was used. 
Calculations are given on that printout. Gross productivity was about 
98 cubic feet per acre per year at culmination of mean annual increment 
(age 146). 
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Appendix G 
Economic Analysis 
The economic analysis included the following assumptions: 
1) Real discount rate of 4 percent 
2) Real price increases, based on 1985 RPA projections 
3) Stumpage values are based on the westside transactional evidence 
equation, December, 1985. This is a regression equation which computes 
stumpage value based on the selling price, lumber tally, of the species 
over the last 18 months, the type of logging, the amount of defect, the 
diameter of each species, the amount of volume per acre, percent volume 
clearcut, and the length of paved and unpaved haul distances. 
4) Treatment costs are the following (based on recent District costs): 
Precommercial thinning - $120/acre 
Sale Prep - Commercial thinning - S18.00/MBF 
Final Harvest - $ 6.00/MBF 
Lopping - $.22/tree 
Dozer piling - $150.00/acre 
Reforestation Exams - $4.00/exam; 3 required. 
The detailed economic analysis for Alternative 8x8BBA is displayed in 
this appendix. The PNV for this alternative is $820. SEV is calculated 
below: 
SEV = 820(1.04)116 / (1.04)116 - 1 = $829 for the total stand 
value 
or $829 / 14 ac. = $59/ac 
Dynamic programming did not require the calculation of total PNV for 
each alternative; rather, it required the PNV calculated for each 
treatment. These PNVs then became the reward for travelling along a 
certain path or arc. PNVs for each treament are displayed in this 
appendix, following the detailed analysis of Alternative 8x8BBA. 
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ECONOMIC ANALYSIS 
MC8X8BBA95 
DATE: 87/01/12 
ALL COSTS DISCOUNTED TO 1986 
DISCOUNT RATE IS 4 % 
REAL PRICE INCREASES ARE USED 
NUMBER CF ENTRIES = 3 
TOTAL PW COLLECTOR ROADS ($) = +0 
TOTAL PW LOCAL ROADS ($) = +0 
TOTAL PW PRECOMM THIN ($) = -1436 
TOTAL PW SALE PREP ($) = -165 
TOTAL PW PLANTING ($) = -3 
TOTAL PW SITE PREP ($) = -147 
TOTAL PW ROAD MICE ($) = -41 
TOTAL PW ENGINEERING (§)  s +0 
TOTAL PW OTHER COSTS ($) = -17 
TOTAL ACRES ACCESSED (ACRES) 28 
TOTAL VOLUME REMOVED (MBF) = 477 
TOTAL PW OF VALUES ($) = +2630 
TOTAL PW OF COSTS ($) = -1810 
TOTAL NET PRESENT WORTH (?) +820 
TOTAL NPW PER ACRE ($/ACRE) = +29 
BENEFIT-COST PATIO •• 1.453 
67 
ENTRY # 1 
PCT 
COST DATA 
ENTRY DATE = 1990 
ENTRY DURATION (YEARS) = 1 
ACRES ACCESSED (ACRES) = 14 
SLOPE CODE = 1 
SOILS CODE = 1 
VQO CODE = 1 
HABITAT GROUP CODE = 6 
HABWEST SYSTEM CODE = 5 
COLLECTOR ROADS (S) = 0 
LOCAL ROADS (?) = 0 
PRECOMM THIN ($/ACRE) = 120.00 
ENGINEERING ($) = 0 
0-35% 
LESS SENSITIVE 
MODIFICATION 
COOL AND MOIST 
PRECOMM THIN 
68 
ENTRY # 1 
PCT 
BENEFIT AND COST DATA ($) 
COLLECTOR ROADS 
LOCAL ROADS 
PRECOMM THIN 
ENGINEERING 
DISCOUNTED UNDISCOUNTED UNIT VALUES 
+0 0 
+0 0 
-1436 1680 120.00/ACRE 
+0 0 
TOTAL COSTS -1436 1680 
ENTRY NPW = -1436 
69 
ENTRY # 2 
COST DATA 
ENTRY DATE = 2036 
ENTRY DURATION (YEARS) = 2 
ACRES ACCESSED (ACRES) = 14 
VOLUME REMOVED (MBF) = 45 
SLOPE CODE = 1 
SOILS CODE = 1 
VQO CODE = 1 
HABITAT GROUP CODE = 6 
HARVEST SYSTEM CODE = 4 
COLLECTOR ROADS ($) = 0 
LOCAL ROADS ($) = 0 
SALE PREP (S/MBP) «= 18.00 
PLANTING ($/ACRE) = .00 
SITE PREP ($/ACRE) = 63.00 
ROAD MTCE ($/MBF) = 3.00 
ENGINEERING ($) = 0 
0-35% 
LESS SENSITIVE 
MODIFICATION 
COOL AND MOIST 
COMM THIN 
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ENTRY # 2 
VALUE DATA 
NUMBER OF SPECIES = 3 
SPECIES IDEOT. = 3 (L) 
PERCENT (%) = 67 
AVE DIAM. (IN.) = 9.1 
SPECIES IDENT. = 4 (DF) 
PERCENT (%) = 32 
AVE DIAM. (IN.) = 9.1 
SPECIES IDENT. = 8 (S) 
PERCENT (%) •= 1 
AVE DIAM. (IN.) » 9.1 
71 
DATA FOR TRANSACTIONAL EVIDENCE EQUATION 
ENTRY NUMBER 2 
CONTRACT LENGTH (MONTHS) : 24 
PROPORTION VOL. TRACTOR LOGGED : I 
MEAN EXTERNAL TRACTOR Y.D. (M FT) : .6 
PROPORTION VOL. GROUND LEAD LOGGED : 0 
MEAN EXTERNAL GRND LEAD Y.D. (M FT): 0 
PROPORTION VOL. SKYLINE LOGGED : 0 
MEAN EXTERNAL SKYLINE Y.D. (M FT) : 0 
PERCENT TOTAL DEFECT : 10 
PERCENT VOLUME HELICOPTER LOGGED : 0 
CEDAR PROD. RATIO (CDR VOL/SAW VOL) : 0 
PROPORTION VOLUME IN CEDAR POLES s 0 
AVE CEDAR POLE LENGTH (FT) s 1 
PERCENT VOLUME CLEAKCUT s 0 
SALVAGE SALE (1=YES, ()=NO) : 0 
PAVED HAUL (MILES) : 32 
UNPAVED HAUL (MILES) s 4 
STUMPAGE VALUE ADJUSTMENT ($/MBF) : 0 
TRANSACTIONAL EVIDEPCE EQUATION 12/85 
STUMPAGE VALUE = -40.205 + .393*SPLT + .136*CL - .320*PVSK 
-11.184*YDTRA - 16.208*YDGDL -13.676*YDSKY + 2.705*ADBH 
-7.993*LNDEF + 6.766*LNVPA + .244*CPRAT + 63.152*LNCPLN 
- .020*TH3 - .13*PDLP - .434*PEWP 
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COLLECTOR RCADS = 
LOCAL ROADS 
SALE PREP 
PLANTING 
SITE PREP 
ROAD WfTCE 
ENGINEERING 
OTHER = 
TOTAL COSTS 
SPECIES VALUES = 
ENTRY NEW 
ENTRY # 2 
BENEFIT AND COST DATA ($) 
DISCOUNTED UNDISCOUNTED UNIT VALUES 
+0 0 
+0 0 
-114 810 18.00/MBF 
+0 0 .00/ACRE 
-110 882 63.00/ACRE 
-18 135 3.00/MBF 
+0 0 
-7 52 1.15/MBF 
-249 1879 
+885 2891 64.25/MBF 
+635 
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ENTRY # 3 
FINAL 
COST DATA 
ENTRY DATE = 2086 
ENTRY DURATION (YEARS) = 2 
ACRES ACCESSED (ACRES) = 14 
VOLUME REMOVED (MBF) = 432 
SLOPE CODE = 1 
SOILS CODE = 1 
VQO CODE = 1 
HABITAT GROUP CODE = 6 
HARVEST SYSTEM CODE = 1 
COLLECTOR ROADS ($) = 0 
LOCAL ROADS ($) = 0 
SALE PREP ($/MBF) = 6.00 
PLANTING ($/ACRE) = 12.00 
SITE PREP ($/ACRE) = 150.00 
ROAD MICE ($/MBF) = 3.00 
ENGINEERING ($) = 0 
0-35% 
LESS SENSITIVE 
MODIFICATION 
COOL AND MOIST 
CLEARCUT 
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ENTRir # 3 
FINAL 
VALUE DATA 
NUMBER CP SPECIES = 2 
SPECIES IDENT. = 4 (DF) 
PERCENT (%) =71 
AVE DIAM. (IN.) = 21.9 
SPECIES IDENT. = 3 (L) 
PERCENT (%) = 29 
AVE DIAM. (IN.) = 21.9 
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DATA FOR TRANSACTIONAL EVIDENCE EQUATION 
ENTRY NUMBER 3 
CONTRACT LENGTH (MONTHS) : 24 
PROPORTION VOL. TRACTOR LOGGED : 1 
MEAN EXTERNAL TRACTOR Y.D. (M FT) : .6 
PROPORTION VOL. GROUND LEAD LOGGED : 0 
MEAN EXTERNAL GRND LEAD Y.D. (M FT)s 0 
PROPORTION VOL. SKYLINE LOGGED : 0 
MEAN EXTERNAL SKYLINE Y.D. (M FT) s 0 
PERCENT TCTAL DEFECT : 10 
PERCENT VOLUME HELICOPTER LOGGED : 0 
CEDAR PROD. RATIO (CDR VOI/SAW VOL) : 0 
PROPORTION VOLUME IN CEDAR POLES : 0 
AVE CEDAR POLE LENGTH (FT) : 1 
PERCENT VOLUME CLEARCUT : 100 
SALVAGE SALE (1=YES, 0=NQ) : 0 
PAVED HAUL (MILES) : 32 
UNPAVED HAUL (MILES) : 4 
STUMPAGE VALUE ADJUSTMENT ($/MBF) : 0 
TRANSACTIONAL EVIDENCE EQUATION 12/85 
STUMPAGE VALUE = -40.205 + .393*SPLT + .136*CL - .320*PVSK 
-11.184*YDTRA - 16.208*YDCT>L -13.676*YDSKY + 2.705*ADBH 
-7.993*LNDEF + 6.766*LNVPA + .244*CPRAT + 63.152*LNCPLN 
- ,020*TH3 - ,13*PDLP - .434*PCWP 
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ENTRY # 3 
FINAL 
BENEFIT AND COST DATA ($) 
DISCOUNTED UNDISCOUNTED UNIT VALUES 
COLLECTOR ROADS S +0 0 
LOCAL ROADS = +0 0 
SALE PREP = -51 2592 6.00/MBF 
PLANTING = -3 168 12.00/ACRE 
SITE PREP SS -37 2100 150.00/ACRE 
ROAD MTCE = -24 1296 3.00/MBF 
ENGINEERING = +0 0 
OTHER = -10 497 1.15/MBF 
TOTAL COSTS = -125 6653 
SPECIES VALUES SS +1745 48228 111.64/MBP 
ENTRY NEW = +1620 
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Summary of PNV by Alternative 
Activity Time Reward Description 
NOTHIN 2086 $1519 Final Harvest at CMAI 
NOTHIN95 2066 2226 Final Harvest at 95% CMAI 
10x10 2076 2104 Final Harvest at CMAI 
10x1095 2066 2640 Final Harvest at 95% CMAI 
8x8 2066 2704 Final Harvest at CMAI 
8x895 2056 3256 Final Harvest at 95% CMAI 
6x6 2076 2371 Final Harvest at CMAI 
6x695 2056 3464 Final Harvest at 95% CMAI 
NOTHINABA 2026 1682 Commercial Thin 
NOTHINABA 2106 691 Final Harvest at CMAI 
NOTHINABA95 2086 1115 Final Harvest at 95% CMAI 
lOxlOBBA 2046 656 Commercial Thin 
lOxlOBBA 2086 1541 Final Harvest at CMAI 
10xl0BBA95 2066 2363 Final Harvest at 95% CMAI 
8x8BBA 2036 635 Commercial Thin 
8x8BBA 2096 1288 Final Harvest at CMAI 
8X8BBA95 2086 1620 Final Harvest at 95% CMAI 
6x6BBA 2036 506 Commercial Thin 
6X6BBA 2066 2373 Final Harvest at CMAI 
6X6BBA95 2056 2742 Final Harvest at 95% CMAI 
IOXIOABA 2046 1586 Commercial Thin 
lOxlOABA 2096 890 Final Harvest at CMAI 
10xl0ABA95 2086 1148 Final Harvest at 95% CMAI 
8x8ABA 2036 2048 Commercial Thin 
8X8ABA 2096 1086 Final Harvest at CMAI 
8X8ABA95 2086 1290 Final Harvest at 95% CMAI 
6X6ABA 2036 2376 Commercial Thin 
6X6ABA 2066 511 Final Harvest at CMAI 
6x6ABA95 2056 1039 Final Harvest at 95% CMAI 
PCT 1990 -1436 Precommercial Thinning 
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Appendix H 
Dynamic Programming Analysis 
Details for dynamic programming are given in Davis and Johnson (1987). 
Calculations for tracking the optimal path are given in this appendix, 
along with a chart which helped with the visual tracking of each 
alternative. 
Dynamic programming is a powerful tool for scheduling treaments. For 
this problem, however, dynamic programming did not appear quite 
appropriate. All paths followed in this problem are mutually exclusive, 
i.e., once one started on a path for one alternative, you could not 
switch to another alternative. This problem, in a sense, is too simple 
for dynamic programming. The power of dynamic programming, which lies 
in the ability to track the optimal path through many different nodes 
with a minimum of calculations, is not really used here. 
Calculations following the dynamic programming principle proved to be 
tedious; software developments may alleviate this problem. Another 
problem with dynamic programming is that only the optimal path is 
reported. If one wants to find the next best route, one has to look 
over the nodes where final harvest occurs, hoping that the next best 
route is not missed. This makes sensitivity analysis difficult. Other 
optimization techniques, such as linear programming, may allow for 
easier sensitivity analysis. For this problem, a complete enumeration 
of the decision space, i.e., calculating the PNV for all 14 
alternatives, would have been easier - and a lot simpler. 
Calculation of Optimal Path Through Each Node 
Notation used here is similar to that used in Davis and Johnson (1987). 
The terminology is as follows: 
r^ = reward for going on an arc from growing stock level a at age t 
to growing stock level A at age t + 10. 
= maximum reward achievable from one of the permitted paths to 
growing stock level A 
P^ = previous growing stock level a that gives R^ at node A 
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Age 26 
v° 
Age 36 
R.=R +r a=0+-l436=-l436 
R*=R*+A=0+-l436=-l436 
Rp=R*+r®Z=0+-l436=-l436 
R^=Ra+raJr=0+0=0 
D a aD 
Age 46 
R =R^+r =-l436+0=-l436 
R?.R?+r™--l436+0--l436 
RP=RP+RPL,=-L436+0=-L436 
Age 56 
R=Rp+rrT=-l436+0=-l436 
RT=RP+r>pT=~L436+0=-L436 
R^=RP+R^=-L436+0=-L436 
R?-I&R5W0.0 
WRS»0<1682=1682 
Age 66 
R =R +r =-l436+0=-l436 
RN=RK+rKn=~1^36+0=-L436 
Rp=R*+r™=-l436+0=-l436 
RQ=RL+RLQ=0+0=0 
RR=R^R^=-L/T36+635=-801 
R"=RJ+R^"=-LIF36+506=-930 
RZ=R^+r^=-l436+2048=6l2 
R^+r^1=-1436+2376=940 
RV=RM+RMV=L682+0=L682 
Age 76 
RW=R0+R0W="l436+0=-l436 
Rj=R°+r°"=-l436+0=-l436 
R*=R£+rJS=-l436+0=-l436 
R"=R^+r^=-930+0=-930 
Q QA'=0+0=0 
=Rp+rpp,=-801+0=-801 
=R +rRpf =-l436+656=-780 
=R^r^, =612+0=612 
=Rp+rpp,=-1436+1586=150 
=Ru+4p, =940+0=940 
RA 
RB 
RC 
R^ 
RF G =RY+RYQ,=1682+0=1682 
Age 86 
RIT,=Rr,+rr 
R 
H 
:K 
*1  
R. 
DW WH' 
=yrxr=-
=VRYJ'=" 
~5B,+rB,K' 
RZ+RZL,=" 
~PA'+RA'M' 
~PC'+RC'N' 
_PD' +R>D,0' 
~PG,+RG'P' 
E* +rE'R* 
l436+0=-l436 
l436+0=-l436 
l436+0=-l436 
=-801+0=-80l 
930+0=-930 
=0+0=0 
=-780+0=-780 
=612+0=612 
=1682+0=1682 
=940+0=940 
=150+0=150 
Rw+rws•=-1436+3464=2028" 
U,=maxJ R+r "=-1436+3256=1820 > =2028 
L Rz+Rzs,=-930+2742=1812 N 
p
H,=W 
P?.-X 
PJ! =Y 
PK'=B' 
P£'= Z  
PM-=A; 
PN'=C 
po'=D' 
Pp.=G' 
PQ'=F" 
PR-=E' 
PS,=W 
Optimal path is 
S',W,0,K,F,A,a 
,U 
Age 96 
3 
-t* 
% 
-RC 
R 
% R; 
B 
H 
+ 1? 
H'T' 
+RP'Z' 
+R 
R'B" 
=-l436+0=-l436 
=-l436+0=-l436 
=0+0=0 
=-801+0=-801 
=-780+0=-780 
=612+0=612 
=1682+0=1682 
=940+0=940 
=150+0=150 
Rl • +rr' c»="1'f36+2704=1268' 
RJ' +rJ' c»="llt36+2640=1240 
R ,=max / R , iR , pt,=_930+2373=l443 > =2226 
PT.=H' 
B 
=J' 
=M' 
=K* 
=N* 
=0' 
=P' 
=Q' 
=R' 
JR =0+2226=2226 
RNT+RN'C,,=*780+2363=1583 
PR„=N' 
Optimal path is 
C",Mf,A",Q,L,H,D,a 
(N0THIN95) 
Age 106 
R0"~RV'+RV»n»=0+0=0 
RE' =RW' +r>W' p"=~801+0=-801 
^pit=Rxi +rvi F„=-780+0=-780 
RG"~RY'+*V"'Y1=612+0=612 
•+^2'H"=1682+0=1682 
R" =RtM+rt ",,=940+0=940 
R^tt=R*t+r*, ̂,=150+0=150 
R. max rRT,+rT,K„=-i436+2371=935 ] 
RU,+RU,K,,="LZF36+210ZT=668J 
=935 
p =V' 
D" P =W' 
PP..=X' 
P0'"Y' 
PU"=Z' 
PJH=A" 
PJT(=B» 
P =TT 
KFT 
Optimal path is 
K,f fTf ,Hf ,W,0,K,F,A,a 
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Age 116 
R. tt=Rpt»+rptti „=-801+0=-801 
R^R* +^,,=612+0=612 
R™,=R^,+r^ ",,=1682+0=1682 
R* =r" +r",£,,=940+0=940 
Rp„=Rj„+rj"p"=1^0+0=150 
RQ„=max 
R„+r ,=0+1519=1519 \ 
Rp„+rp»o"="801+1620=819 
R ,,+A^,=-780+1541=761 / 
lr"rfi»o» 612+1290=1902 \ =2797 
Rh„^h„ q,.=1682+1115=2797 ( 
RJ „+RT I,Q„ =940+1039 =1979 \ 
RJ»+RJIIQIT=15°+1148=1298 ) 
P „=E" 
PM»=G" 
PN»=H" 
P0»=I" P = T" RPTT J 
P =1" 
Q" 
Optimal path is 
Q\H\Zf ,Pf ,G* ,V,M,H,D,a 
(NOTHINABA95) 
Age 126 
,F +^MTTPTT=L682+0=:L682 
Rs„=Ro"+ro"S"= 940+0= 940 
R ,,+r =801+1288=487 ") 
Rm„=max <,R ,Vr „i;,)i6l2+1086=l698 f =1698 
%AJHTH=150+890=1040 ; 
P =N" 
rD»l 
P =0" rsH 
PT„=M" 
Optimal Path is 
T\M",G\Y' ,0* ,D' ,T,I,G,C. 
Age 136 
^IT»l=^Ot'+^q t.TT.1 =940+0=940 
Rv„=RR„+rR„V"=l682+691=2373 (Harvest) 
PU»=S" 
PV»=R" 
Optimal Path is 
V\R",N",H\Z' ,P' ,G' ,V,M,H,D, 
Age 146 
Rw„=Ru„+ru„w„=940+511=l451 P =U" 
W" 
Optimal Path is 
W",U",S",0",1",A",Q*,F',U,K,F,A, 
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Summary of Maximum SEVs for each harvest age 
Year of Final Age Max SEV SEV 
Harvest PNV Formula 
2056 86 $2028 2028(1.04)86/(1.04)86-l ! 62100 
2066 96 2226 2226(1.04)96/(1.04)96-l 2279 
2076 106 935 935(1.04)106/(1.04)106-1 950 
2086 116 2797 2797(1.04) l l 6 / (l.04) ll6-i 2827 
2096 126 1698 1698(1.04)126/(1.04)126-1 1710 
2106 136 2373 2373(1.04)136/(1.04)136-1 2385 
2116 146 1485 l485(l.04)1I,6/(1.04)li|6-l 1490 
Maximum Soil Expectation Value occurs at age 116 with a value of $2827 
for that alternative. Optimal path is a,D,H,M,V,G',P', Z',H", and Q", 
which is no thinning, commercial thinning from above at age 56 (year 
2026) and final harvest at age 116 (95% CMAI). The top 8 most cost 
efficient strategies are: 
Alternative PCT Intermediate Harvest Final Harvest PNV SEV 
NOTHINABA None Above (BA-100) 116 (95% CMAI) $2797 $2827 
N0THIN None Above (BA-100) 136 (CMAI) 2373 2385 
N0THIN None None 96 (95% CMAI) 2226 2279 
6x6 6X6 None 86 (95% CMAI) 2028 2100 
6X6ABA 6X6 Above (BA-100) 116 (95% CMAI) 1979 2000 
8X8ABA 8X8 Above (BA-100) 116 (95% CMAI) 1902 1922 
8x8 8X8 None 86 (95% CMAI) 1820 1885 
6X6BBA 6x6 Below (BA-100) 86 (95% CMAI) 1812 1876 
These values were obtained by scanning the final harvest needs for PNV 
values over $1800. SEVs were calculated as above, and harvest 
strategies were determined by tracing backwards the optimal strategy at 
each node (backward recursion). 
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A chart is included with this appendix that displays the possible paths 
through each node. The table below was necessary in tracking the paths 
through the first three nodes. The graph did not have enough resolution 
to visually track these paths on the chart. 
Residual volume (BF/ac.) for first three nodes 
Strategy Time 
2006 2016 2026 
BF/ac Node BF/ac Node BF/ac Node 
No Thin 670 D 3034 H 6592 L 
10x10 817 B 3726 E 7770 J 
8x8 809 C 3625 G 8376 I 
6x6 858 A 3685 F 7634 K 
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Appendix I 
Comparison with the FORPLAN Solution 
The Forest Plan gives the management emphasis which is obtained from the 
allocation portion of the FORPLAN solution. In addition, FORPLAN also 
gives a scheduling solution for each analysis area. The scheduling 
solution generally is not used in project analysis, if not totally 
ignored. Yet the scheduling solution may be just as important as the 
allocation solution. Deviations from the schedule may reduce the global 
optimum that was arrived at in the FORPLAN solution. For example, 
FORPLAN may schedule precommercial thinning in a stand that is in a 
timber management emphasis, even though it is not a cost-efficient 
treatment. Forestwide supply constraints, however, may dictate that 
investments such as precommercial thinning are necessary to increase the 
yields to meet these constraints. 
Many different combinations of treatments were analyzed in FORPLAN for 
the analysis area that this stand is in (Analysis Area 1118 - roaded, 
high productivity, slopes less than 40%, sensitive soils, mixed conifer, 
seed-sap). The various treatments included 1) clearcut only, 2) 
commercial thin and clearcut 3) precommercial thin, commercial thin, and 
clearcut, and 4) precommercial thin, two commercial thins, and clearcut. 
The different timing choices available for each treatment created over 
50 combinations of treatments. Over 4900 acres are in this analysis 
area on Tally Lake Ranger District. The FORPLAN solution for this 
analysis area allocated and scheduled these acres in the following 
manner: 
Type of treatment Year Acres 
Precommercial Thin 1990 4908 
Commercial Thin 2030 800 
Commercial Thin 2060 1280 
Final harvest 2080 4908 
Basically, FORPLAN scheduled all acres to be precommercial thinned in 
1990, some of the acres to be thinned in 2030, some more acres to be 
thinned in 2060, and all acres to be regeneration harvested in 2080. 
This compares favorably with the preferred alternative in this paper 
that was determined independently of the FORPLAN solution. A comparison 
of the two solutions: 
Type of Treatment Year in FORPLAN Year in this analysis 
Precommercial Thin 1990 1990 
Commercial Thin 2030 2036 
Final Harvest 2080 2086 
Following the final harvest, FORPLAN allocated all 4908 acres to a 
regeneration prescription which called for precommercial thinning and 
two commercial thinnings followed by a final harvest. This strategy is 
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not as cost-efficient as the previous strategy. At this point in time, 
with costs discounted so much, this type of strategy may be indicative 
of an allowable cut effect rather than cost efficiency concerns. 
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